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CONDITIONED CELL CULTURE MEDIUM 
COMPOSITIONS AND METHODS OF USE 

This application is a divisional application of US. patent 
application Ser. No. 11/538,380, Filed Oct. 3, 2006, Which is 
a divisional application of US. patent application Ser. No. 
09/979,813, ?led on Jul. 19, 2002, Which issued as US. Pat. 
No. 7,118,746, Which is a 371 application of PCT/US2000/ 
13016 ?led May 12, 2000, Which is a continuation-in-part of 
US. patent application Ser. No. 09/313,538, ?led May 14, 
1999, Which issued as US. Pat. No. 6,372,494. The disclo 
sures of each of the above-referenced applications are hereby 
incorporated by reference in their entirety. 

1. INTRODUCTION 

The invention relates to compositions comprising cell cul 
ture medium conditioned by cells groWn in tWo-dimensional 
culture (i.e., a monolayer), or in three-dimensional culture. 
The cells used to condition the medium may be genetically 
modi?ed to alter the concentration of proteins found in the 
medium. The conditioned cell medium is processed for uses 
Which include Wound applications, cosmetic additives, food 
supplements, animal feed supplements, culturing cells, phar 
maceutical applications, as Well as compositions and meth 
ods for stimulating hair groWth. The invention also relates to 
compositions containing extracellular matrix proteins and/or 
other puri?ed protein(s) derived from the conditioned 
medium. 

2. BACKGROUND OF THE INVENTION 

2.1. Conditioned Cell Media 
Culture medium compositions typically include essential 

amino acids, salts, vitamins, minerals, trace metals, sugars, 
lipids and nucleosides. Cell culture medium attempts to sup 
ply the components necessary to meet the nutritional needs 
required to groW cells in a controlled, arti?cial and in vitro 
environment. Nutrient formulations, pH, and osmolarity vary 
in accordance With parameters such as cell type, cell density, 
and the culture system employed. Many cell culture medium 
formulations are documented in the literature and a number of 
media are commercially available. Once the culture medium 
is incubated With cells, it is knoWn to those skilled in the art as 
“spent” or “conditioned medium”. Conditioned medium con 
tains many of the original components of the medium, as Well 
as a variety of cellular metabolites and secreted proteins, 
including, for example, biologically active groWth factors, 
in?ammatory mediators and other extracellular proteins. Cell 
lines groWn as a monolayer or on beads, as opposed to cells 
groWn in three-dimensions, lack the cell-cell and cell-matrix 
interactions characteristic of Whole tissue in vivo. Conse 
quently, such cells secrete a variety of cellular metabolites 
although they do not necessarily secrete these metabolites 
and secreted proteins at levels that approach physiological 
levels. Conventional conditioned cell culture medium, 
medium cultured by cell-lines groWn as a monolayer or on 
beads, is usually discarded or occasionally used in culture 
manipulations such as reducing cell densities. 

2.2. Tissue Culture Systems 
The majority of vertebrate cell cultures in vitro are groWn 

as monolayers on an arti?cial substrate bathed in culture 
medium. The nature of the substrate on Which the monolayers 
groW may be solid, such as plastic, or semisolid gels, such as 
collagen or agar. Disposable plastics have become the pre 
ferred substrate used in modem-day tissue or cell culture. 
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A feW researchers have explored the use of natural sub 

strates related to basement membrane components. Basement 
membranes comprise a mixture of glycoproteins and pro 
teoglycans that surround most cells in vivo. For example, 
Reid and Rojkund, 1979, In, Methods in Enzymolagy, Vol. 57, 
Cell Culture, Jakoby & Pasten, eds., NeW York, Acad. Press, 
pp. 263-278; Vlodavsky et al., 1980, Cell 191607-617;Yang et 
al., 1979, Proc. Natl. Acad. Sci. USA 7613401 have used 
collagen for culturing hepatocytes, epithelial cells and endot 
helial tissue. GroWth of cells on ?oating collagen (Micha 
lopoulos and Pitot, 1975, Fed. Proc. 341826) and cellulose 
nitrate membranes (Savage and Bonney, 1978, Exp. Cell Res. 
1 141307-315) have been used in attempts to promote terminal 
differentiation. HoWever, prolonged cellular regeneration and 
the culture of such tissues in such systems have not heretofore 
been achieved. 

Cultures of mouse embryo ?broblasts have been used to 
enhance groWth of cells, particularly at loW densities. This 
effect is thought to be due partly to supplementation of the 
medium but may also be due to conditioning of the substrate 
by cell products. In these systems, feeder layers of ?broblasts 
are groWn as con?uent monolayers Which make the surface 
suitable for attachment of other cells. For example, the 
groWth of glioma on con?uent feeder layers of normal fetal 
intestine has been reported (Lindsay, 1979, Nature 228180). 

While the groWth of cells in tWo dimensions is a convenient 
method for preparing, observing and studying cells in culture, 
alloWing a high rate of cell proliferation, it lacks characteris 
tic of Whole tissue in vivo. In order to study such functional 
and morphological interactions, a feW investigators have 
explored the use of three-dimensional substrates such as col 
lagen gel (Douglas et al., 1980, In Vitro 161306-312; Yang et 
al., 1979, Proc. Natl. Acad. Sci. 7613401; Yang et al., 1980, 
Proc. Natl. Acad. Sci. 7712088-2092; Yang et al., 1981, Can 
cer Res. 4 1 1 1 021 - 1027); cellulose sponge, alone (Leighton et 
al., 1951, .1. Natl. Cancerlnst. 121545-561) or collagen coated 
(Leighton et al., 1968, Cancer Res. 281286-296); a gelatin 
sponge, Gelfoam (Sorour et al., 1975, .1. Neurasurg. 431742 
749). 

In general, these three-dimensional substrates are inocu 
lated With the cells to be cultured. Many of the cell types have 
been reported to penetrate the matrix and establish a “tissue 
like” histology. For example, three-dimensional collagen gels 
have been utiliZed to culture breast epithelium (Yang et al., 
1981, Cancer Res. 4111021-1027) and sympathetic neurons 
(Ebendal, 1976, Exp. Cell Res. 981159-169). Additionally, 
various attempts have been made to regenerate tissue-like 
architecture from dispersed monolayer cultures. (Kruse and 
Miedema, 1965, J. Cell Biol. 271273) reported that perfused 
monolayers could groW to more than ten cells deep and orga 
noid structures can develop in multilayered cultures if kept 
supplied With appropriate medium (see also Schneider et al., 
1963, Exp. Cell. Res. 301449-459; Bell et al., 1979, Proc. 
Natl. Acad. Sci. USA 7611274-1279; Green, 1978, Science 
20011385-1388). It has been reported that human epidermal 
keratinocytes may form demato glyphs (friction ridges if kept 
for several Weeks Without transfer; Folkman and Haudens 
child (1980, Nature 2881551-556) reported the formation of 
capillary tubules in cultures of vascular endothelial cells cul 
tured in the presence of endothelial groWth factor and 
medium conditioned by tumor cells; and Sirica et al. (1979, 
Proc. Natl. Acad. Sci. USA 761283-287; 1980, Cancer Res. 
4013259-3267) maintained hepatocytes in primary culture for 
about 10-13 days on nylon meshes coated With a thin layer of 
collagen. HoWever, the long term culture and proliferation of 
cells in such systems has not been achieved. 
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The establishment of long term culture of tissues such as 
bone marrow has been attempted. Overall the results Were 
disappointing, in that although a stromal cell layer containing 
different cell types is rapidly formed, signi?cant hematopoie 
sis could not be maintained for any real time. (For revieW see 
Dexter et al., In Long Term Bone Marrow Culture, 1984, Alan 
R. Liss, Inc., pp. 57-96). 
A number of groups have attempted to groW skin and 

connective tissue in vitro for transplantation in vivo. In one 
such system, a hydrated bovine collagen lattice forms the 
substrate to Which cells, such as ?broblasts are incorporated 
Which results in the contraction of the lattice into tissue (Bell 
et al., US. Pat. No. 4,485,096). In another system, a porous 
cross-linked collagen sponge is used to culture ?broblast cells 
(Eisenberg, WO 91/16010).A scaffold composed of synthetic 
polymers has also been described to control cell groWth and 
proliferation in vitro so that once the ?broblasts begin to groW 
and attach to the matrix it is transplanted into the patient 
(Vacanti et al., US. Pat. Nos. 5,759,830; 5,770,193; 5,736, 
372). Synthetic matrices composed of biodegradable, bio 
compatible copolymers of polyesters and amino acids have 
also been designed as scaffolding for cell groWth (U .S. Pat. 
Nos. 5,654,381; 5,709,854). Non-biodegradable scaffolds are 
likeWise capable of supporting cell groWth. Three-dimen 
sional cell culture systems have also been designed Which are 
composed of a stromal matrix Which supports the groWth of 
cells from any desired tissue into an adult tissue (Naughton et 
al., US. Pat. Nos. 4,721,096 and 5,032,508). Another 
approach involves sloWly polymerizing hydrogels containing 
large numbers of the desired cell type Which harden into a 
matrix once administered to a patient (US. Pat. No. 5,709, 
854). Extracellular matrix preparations have been designed 
Which are composed of stromal cells Which provide a three 
dimensional cell culture system for a desired cell type Which 
may be injected into the patient for precise placement of the 
biomaterial (Naughton et al., WO 96/39101). 

2.3. Cellular Cytokines and GroWth Factors 
The secretion of extracellular proteins into conditioned cell 

media such as groWth factors, cytokines, and stress proteins 
opens neW possibilities in the preparation of products for use 
in a large variety of areas including tissue repair, e. g., in the 
treatment of Wounds and other tissue defects such as cosmetic 
defects as Well as human and animal feed supplements. For 
example, groWth factors are knoWn to play an important role 
in the Wound healing process. In general, it is thought desir 
able in the treatment of Wounds to enhance the supply of 
groWth factors by direct addition of these factors. 

Cellular cytokines and groWth factors are involved in a 
number of critical cellular processes including cell prolifera 
tion, adhesion, morphologic appearance, differentiation, 
migration, in?ammatory responses, angiogenesis, and cell 
death. Studies have demonstrated that hypoxic stress and 
injury to cells induce responses including increased levels of 
mRNA and proteins corresponding to groWth factors such as 
PDGF (platelet-derived groWth factor), VEGF (vascular 
endothelial groWth factor), FGF (?broblast groWth factor), 
and IGF (insulin-like groWth factor) (GonZaleZ-Rubio, M. et 
al., 1996, Kidney Int. 50(1):164-73; Abramovitch, R. et al., 
1997, InzJExp. Pazhol. 78(2):57-70; Stein, I. et al., 1995, Mol 
Cell Biol. 15(10):5363-8; Yang, W. et al., 1997, FEBS Len. 
403(2):139-42; West, N. R. et al., 1995, J. Neurosci. Res. 
40(5):647-59). 

GroWth factors, such as transforming groWth factor-[3, also 
knoWn in the art as TGF-B, are induced by certain stress 
proteins during Wound healing. TWo knoWn stress proteins 
are GRP78 and HSP90. These proteins stabiliZe cellular 
structures and render the cells resistant to adverse conditions. 
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The TGF-[3 family of dimeric proteins includes TGF-[31, 
TGF-[32, and TGF-[33 and regulates the groWth and differen 
tiation of many cell types. Furthermore, this family of pro 
teins exhibits a range of biological effects, stimulating the 
groWth of some cell types (Noda et al., 1989, Endocrinology 
124:2991-2995) and inhibiting the groWth of other cell types 
(Goey et al., 1989, .1. Immunol. 143:877-880; Pietenpol et al., 
1990, Proc. Natl. Acad. Sci. USA 87:3758-3762). TGF-[3 has 
also been shoWn to increase the expression of extracellular 
matrix proteins including collagen and ?bronectin (IgnotZ et 
al., 1986, J. Biol. Chem. 261 :4337-4345) andto accelerate the 
healing of Wounds (Mustoe et al., 1987, Science 237:1333 
1335). 
Another such groWth factor is PDGF. PDGF Was originally 

found to be a potent mitogen for mesenchymal-derived cells 
(Ross R. et al., 1974, Proc. Natl. Acad. Sci. USA 71(4): 1207 
1210; Kohler N. et al., 1974, Exp. Cell Res. 871297-301). 
Further studies have shoWn that PDGF increases the rate of 
cellularity and granulation in tissue formation. Wounds 
treated With PDGF have the appearance of an early stage 
in?ammatory response including an increase in neutrophils 
and macrophage cell types at the Wound site. These Wounds 
also shoW enhanced ?broblast function (Pierce, G. F. et al., 
1988, .1. Exp. Med. 167:974-987). Both PDGF and TGF-[3 
have been shoWn to increase collagen formation, DNA con 
tent, and protein levels in animal studies (Grotendorst, G. R. 
et al., 1985, .1. Clin. Invest. 76:2323-2329; Sporn, M. B. et al., 
1983, Science (Wash DC.) 219: 1329). PDGF has been shoWn 
to be effective in the treatment of human Wounds. In human 
Wounds, PDGF-AA expression is increased Within pressure 
ulcers undergoing healing. The increase of PDGF-AA corre 
sponds to an increase in activated ?broblasts, extracellular 
matrix deposition, and active vasculariZation of the Wound. 
Furthermore, such an increase in PDGF-AA is not seen in 
chronic non-healing Wounds (Principles of Tissue Engineer 
ing, R. LanZa et al. (eds.), pp. 133-141 (R. G. Landes Co. TX 
1997). A number of other groWth factors having the ability to 
induce angiogenesis and Wound healing include VEGF, KGF 
and basic FGF. 

There are currently no simple effective methods or com 
positions for application containing the variety of cytokines, 
groWth factors or other regulatory proteins found in Appli 
cants’ conditioned media. 

3. SUMMARY OF THE INVENTION 

The Applicants of the present invention have discovered 
novel conditioned cell culture medium compositions. Addi 
tionally, the invention comprises uses for these novel compo 
sitions. The invention further comprises compositions con 
taining particular protein products derived from the 
conditioned cell media of the invention. 
The conditioned cell medium compositions of the inven 

tion may be comprised of any knoWn de?ned or unde?ned 
medium and may be conditioned using any eukaryotic cell 
type. The medium may be conditioned by stromal cells, 
parenchymal cells, mesenchymal stem cells, liver reserve 
cells, neural stem cells, pancreatic stem cells, and/or embry 
onic stem cells. A three-dimensional tissue construct is pre 
ferred. The cell type, Whether in monolayer or in three-di 
mensions, Will affect the properties of the conditioned 
medium. For example, a medium conditioned With astrocytes 
and neuronal cells Will elaborate certain characteristic 
metabolites and proteins so that such a conditioned medium is 
preferred for certain nerve repair applications. In a preferred 
embodiment, Applicants’ medium is conditioned With a 
three-dimensional cell and tissue culture. In another preferred 
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embodiment, the medium is conditioned With the stromal 
cells used in the production of TransCyteTM (Smith & 
NepheW PLC., United Kingdom). In a highly preferred 
embodiment, cells of the three-dimensional tissue culture are 
stromal cells and the tissue culture construct is Dermagraft® 
(Advanced Tissue Sciences, Inc., La Jolla Calif.) With or 
Without the addition of speci?c parenchymal cells. Such con 
ditioned cell medium provides a unique combination of fac 
tors and speci?ed ratios that are different than monolayer 
cultures and more closely represent those found in vivo. The 
three-dimensional stromal culture may further be cultured 
With parenchymal cells such as the cells of the skin, bone, 
liver, nerve, pancreas, etc ., resulting in a conditioned medium 
containing characteristic extracellular proteins and other 
metabolites of that tissue type. Additionally, each cell type 
may also be genetically modi?ed. The genetic modi?cation 
may be used to alter the concentration of one or more com 

ponent in the medium such as, for example, to upregulate a 
protein, to introduce a neW protein, or to regulate ion concen 
tration. 

Once the cell medium of the invention is conditioned, it 
may be used in any state. Physical embodiments of the con 
ditioned medium include, but are not limited to, liquid or 
solid, froZen, lyophiliZed or dried into a poWder. Additionally, 
the medium may be formulated With a pharmaceutically 
acceptable carrier as a vehicle for internal administration, 
applied directly to a food item or product, formulated With a 
salve or ointment for topical applications, or, for example, 
made into or added to surgical glue to accelerate healing of 
sutures folloWing invasive procedures. Also, the medium may 
be further processed to concentrate or reduce one or more 
factors or components contained Within the medium. For 
example, the conditioned medium may be enriched With a 
groWth factor by using immunoaf?nity chromatography. 

In one embodiment, the conditioned medium of the inven 
tion is used in Wound healing. Examples include, but are not 
limited to, applying the conditioned cell medium to the gauZe 
of a bandage (adhesive or non-adhesive) and used in topical 
applications to promote and/or accelerate Wound healing. 
Again, the conditioned medium may be processed to concen 
trate or reduce one or more components to enhance Wound 

healing. The compositions may be lyophiliZed/freeZe-dried 
and added as a Wound ?ller or added to existing Wound ?lling 
compositions to accelerate Wound healing. Alternatively, the 
medium may be added to a hydrogel composition and used as 
a ?lm for topical Wound treatments and anti-adhesion appli 
cations. The medium compositions of the invention may be 
conditioned With cells Which express gene products With 
improved Wound-healing properties; i.e., engineered cells 
Which express gene products that have anti-scarring proper 
ties. 

In another embodiment, the conditioned cell medium for 
mulations of the invention are used to correct congenital 
anomalies and acquired physical defects. Further, formula 
tions in the form of injectables or hydrogels may be used to 
eliminate Wrinkles, froWn lines, scarring and to repair other 
skin conditions. In another embodiment, the conditioned cell 
medium may also be added to eye shadoW, pancake makeup, 
compacts or other cosmetics. 

In yet another embodiment, the conditioned cell media 
formulations of the invention are used as food additives and 
dietary supplements. The conditioned medium contains a 
multitude of nutrients including essential amino acids, vita 
mins, and minerals. The conditioned cell media of the inven 
tion may be concentrated and/or lyophiliZed, for example, 
and are preferably administered in capsules or tablets for 
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6 
ingestion. Additionally, the compositions can also be added 
directly to food to enhance its nutritional content. 

In a further embodiment, the compositions may be used as 
a supplement to animal feed as it contains a variety of proteins 
vitamins, antibiotics, polysaccharides and other factors ben 
e?cial for raising cattle and other ruminant animals. 

In yet another embodiment of the invention, the composi 
tions of the invention may be used to culture cells. The con 
ditioned cell media of the invention contains factors useful in 
promoting cell attachment and groWth. Further, the cell 
medium may be conditioned by cells Which are genetically 
engineered and Which may, for example, contain increased 
?bronective or collagen concentrations bene?cial in promot 
ing cell attachment to a scaffold or culture surface. 

In an additional embodiment of the invention, the condi 
tioned cell medium compositions of the invention are used for 
pharmaceutical applications. The invention comprises cell 
media cultured With three-dimensional tissue constructs, 
such that, groWth factors and other proteins are secreted into 
the medium at ratios closely resembling those found in vivo. 
As such, the conditioned media of the invention is bene?cial 
for a variety of pharmaceutical applications. 

Lastly, the compositions of the invention may be formu 
lated for topical applications for stimulating hair groWth. 

3.1. DEFINITIONS 

The folloWing terms used herein shall have the meanings 
indicated: 

Adherent Layer: cells attached directly to the three-dimen 
sional support or connected indirectly by attachment to cells 
that are themselves attached directly to the support. 

Conditioned Medium: a formulation containing extracel 
lular protein(s) and cellular metabolites, Which has previ 
ously supported the groWth of any desired eukaryotic cell 
type, said cells having been cultured in either tWo or three 
dimensions. Also called “Conditioned Cell Medium” or 
“Conditioned Cell and Tissue Culture Medium”. 

Stromal Cells: ?broblasts With or Without other cells and/or 
elements found in loose connective tissue, including but not 
limited to, endothelial cells, pericytes, macrophages, mono 
cytes, plasma cells, mast cells, adipocytes, mesenchymal 
stem cells, liver reserve cells, neural stem cells, pancreatic 
stem cells, chondrocytes, prechondrocytes, etc. 

Tissue-Speci?c or Parenchymal Cells: the cells Which form 
the essential and distinctive tissue of an organ as distin 
guished from its supportive frameWork. 

Three-Dimensional Framework: a three-dimensional scaf 
fold composed of any material and/or shape that (a) alloWs 
cells to attach to it (or can be modi?ed to alloW cells to attach 
to it); and (b) alloWs cells to groW in more than one layer. This 
support is inoculated With stromal cells to form the living 
three-dimensional stromal tissue. The structure of the frame 
Work can include a mesh, a sponge or can be formed from a 

hydrogel. 
Three-Dimensional Stromal Tissue or Living Stromal 

Matrix: a three-dimensional frameWork Which has been 
inoculated With stromal cells that are groWn on the support. 
The extracellular matrix proteins elaborated by the stromal 
cells are deposited onto the frameWork, thus forming a living 
stromal tissue. The living stromal tissue can support the 
groWth of tissue-speci?c cells later inoculated to form the 
three-dimensional cell culture. 

Tissue-Speci?c Three-Dimensional Cell Culture or Tis 
sue-Speci?c Three-Dimensional Construct: a three-dimen 
sional living stromal tissue Which has been inoculated With 
tissue-speci?c cells and cultured. In general, the tissue spe 
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ci?c cells used to inoculate the three-dimensional stromal 
matrix should include the “stem” cells (or “reserve” cells) for 
that tissue; i.e., those cells Which generate neW cells that Will 
mature into the specialized cells that form the parenchyma of 
the tissue. 

The following abbreviations shall have the meanings indi 
cated: 
BCS:bovine calf serum 
BFU-E:burst-forming unit-erythroid 
TGF-B?ransforming growth factor-[3 
CFU-CIcoIony forming unit-culture 
CFU-GEMM:colony forming unit-granuloid, erythroid, 

monocyte, megakaryocyte 
CSF:colony-stimulating factor 
DMEMIDulbecco’s Modi?ed Eagle’s Medium 
EDTAIethylene diamine tetraacetic acid 
FBS:fetal bovine serum 
FGFI?broblast groWth factor 
GAG:glycosaminoglycan 
GM-CSF:granulocyte/macrophage 

factor 
HBSSIHank’s balanced salt solution 
HSIhorse serum 

IGFIinsulin-Iike groWth factor 
LTBMC:long term bone marroW culture 
MEM:minimal essential medium 
PBLrperipheral blood leukocytes 
PBSrphosphate buffered saline 
PDGFrplatelet-derived groWth factor 
RPMI 1640:RosWellk Park Memorial Institute medium 

number 1640 (GIBCO, Inc., Grand Island, NY.) 
SEMIscanning electron microscopy 
VEGFq/ascular endothelial groWth factor 

colony-stimulating 

4. DESCRIPTION OF THE FIGURES 

FIG. 1 is a graph representing the kinetics of the deposition 
of glycosaminoglycans and collagen laid doWn over time by 
the three-dimensional tissue products TranscyteTM and Der 
magraft®. The deposition volumes of the glycosaminogly 
cans are dependent on the period of groWth While the depo 
sition of collagen is not dependent on the period of groWth. 

FIG. 2 is a graph representing the effect of extracellular 
matrix (removed from TranscyteTM) and added at dilutions of 
1:2, 1:5, 1:10, and 1:100 to monolayer cultures of human 
?broblasts and keratinocytes. The most signi?cant effect 
illustrated is at a 1:10 dilution of the matrix. 

FIG. 3 is a graph representing relative proliferation of 
human ?broblasts and keratinocytes exposed to conditioned 
medium (cell culture medium Which has previously sup 
ported the groWth of cells in TranscyteTM). An increase in cell 
response Was revealed in as little as three days. 

FIG. 4 is a graph representing the effect of 1x conditioned 
medium (cell culture medium Which has previously sup 
ported the groWth of cells in TranscyteTM) on collagen depo 
sition of cells groWn in three dimensions in comparison to 
base medium DMEM (containing 10% BLS supplemented 
medium With 2 mM L-glutamine and 1x antibiotic/antimy 
cotic) supplemented With a 1x ?nal concentration of serum 
free medium and medium. A statistically signi?cant (p:0.05) 
increase of almost 50% Was noted in collagen deposition of 
cultures treated With the conditioned medium for 10 days as 
compared With either control. 

FIG. 5 is a graph representing the anti-oxidant activity in 
conditioned cell medium (cell culture medium Which has 
previously supported the groWth of cells in TranscyteTM) on 
human epidermal keratinocytes in culture. A statistically sig 
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ni?cant (p<0.0003) reduction in intracellular oxidation of 
approximately 50% Was noted in human keratinocytes 
exposed to conditioned medium Which had previously sup 
ported TranscyteTM for three days. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention relates to novel compositions com 
prising any conditioned de?ned or unde?ned medium, cul 
tured using any eukaryotic cell type or three-dimensional 
tissue construct and methods for using the compositions. The 
cells are cultured in monolayer, beads (i.e., tWo-dimensions) 
or, preferably, in three-dimensions. The cells are preferably 
human to reduce the risk of an immune response and include 
stromal cells, parenchymal cells, mesenchymal stem cells, 
liver reserve cells, neural stem cells, pancreatic stem cells 
and/or embryonic stem cells. Medium conditioned by cell and 
tissue cultures Will contain a variety of naturally secreted 
proteins, such as biologically active groWth factors and those 
cultured in three-dimensions Will have these proteins in ratios 
approaching physiological levels. The invention also relates 
to novel compositions comprising products derived from the 
conditioned cell media and uses for these compositions. 
The “pre-conditioned” cell culture medium may be any 

cell culture medium Which adequately addresses the nutri 
tional needs of the cells being cultured. Examples of cell 
media include, but are not limited to Dulbecco’s Modi?ed 
Eagle’s Medium (DMEM), Ham’s F12, RPMI 1640, 
Iscove’s, McCoy’s and other media formulations readily 
apparent to those skilled in the art, including those found in 
Methods For Preparation of Media, Supplements and Sub 
strate For Serum-FreeAnimal Cell Culture Alan R. Liss, NeW 
York (1984) and Cell & Tissue Culture: Laboratory Proce 
dures, John Wiley & Sons Ltd., Chichester, England 1996, 
both of Which are incorporated by reference herein in their 
entirety. The medium may be supplemented, With any com 
ponents necessary to support the desired cell or tissue culture. 
Additionally serum, such as bovine serum, Which is a com 
plex solution of albumins, globulins, groWth promoters and 
groWth inhibitors may be added if desired. The serum should 
be pathogen free and carefully screened for mycoplasma 
bacterial, fungal, and viral contamination. Also, the serum 
should generally be obtained from the United States and not 
obtained from countries Where indigenous livestock carry 
transmittable agents. Hormone addition into the medium may 
or may not be desired. 

Other ingredients, such as vitamins, groWth and attach 
ment factors, proteins etc., can be selected by those of skill in 
the art in accordance With his or her particular need. The 
present invention may use any cell type appropriate to achieve 
the desired conditioned medium. Genetically engineered 
cells may be used to culture the media. Such cells can be 
modi?ed, for example, to express a desired protein or proteins 
so that the concentration of the expressed protein or proteins 
in the medium is optimiZed for the particular desired appli 
cation. In accordance With the present invention, the cells and 
tissue cultures used to condition the medium may be engi 
neered to express a target gene product Which may impart a 
Wide variety of functions, including but not limited to, 
improved properties in expressing proteins resembling physi 
ological reactions, increased expression of a particular pro 
tein useful for a speci?c application, such as Wound healing or 
inhibiting certain proteins such as proteases, lactic acid, etc. 
The cells may be engineered to express a target gene prod 

uct Which is biologically active Which provides a chosen 
biological function, Which acts as a reporter of a chosen 
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physiological condition, Which augments de?cient or defec 
tive expression of a gene product, or Which provides an anti 
viral, anti-bacterial, anti-microbial, or anti-cancer activity. In 
accordance With the present invention, the target gene product 
may be a peptide or protein, such as an enzyme, hormone, 
cytokine, antigen, or antibody, a regulatory protein, such as a 
transcription factor or DNA binding protein, a structural pro 
tein, such as a cell surface protein, or the target gene product 
may be a nucleic acid such as a ribosome or antisense mol 

ecule. The target gene products include, but are not limited to, 
gene products Which enhance cell groWth. For example, the 
genetic modi?cation may upregulate an endogenous protein, 
introduce a neW protein or regulate ion concentration by 
expressing a heterologous ion channel or altering endogenous 
ion channel function. Examples include, but are not limited to 
engineered tissues that express gene products Which are 
delivered systemically (e.g., secreted gene products such as 
proteins including groWth factors, hormones, Factor VIII, 
Factor IX, neurotransmitters, and enkephalins). 

In the present invention, it is preferred that the cells are 
groWn on a three-dimensional stromal support and groW in 
multiple layers, forming a cellular matrix. This matrix system 
approaches physiologic conditions found in vivo to a greater 
degree than previously described monolayer tissue culture 
systems. Three-dimensional cultures, such as Dermagraft® 
(Advanced Tissue Sciences, Inc., La Jolla, Calif.) “Denna 
graft®”, and TransCyteTM (Smith & NepheW, PLC, United 
Kingdom) “TranscyteTM”, produce numerous groWth factors 
and other proteins that are secreted into the medium at physi 
ological ratios and concentrations. Dermagraft® is composed 
of allogeneic neonatal ?broblasts cultured on biodegradable 
polyglactin. TransCyteTM is a temporary living skin replace 
ment comprising a three-dimensional stromal tissue bonded 
to a transitional covering as described in US. Pat. No. 5,460, 
939. Additionally, the three-dimensional tissue cultures 
Which condition the cell media may contain mesenchymal 
stem cells, liver reserve cells, neural stem cells, pancreatic 
stem cells, and/or embryonic stem cells and/ or parenchymal 
cells and/or parenchymal stem cells found in many tissue 
types, including but not limited to bone marroW, skin, liver, 
pancreas, kidney, adrenal and neurologic tissue, as Well as 
tissues of the gastrointestinal and genitourinary tracts, and the 
circulatory system. See US. Pat. Nos. 4,721,096; 4,963,489; 
5,032,508; 5,266,480; 5,160,490; and 5,559,022, each of 
Which is incorporated by reference herein in their entirety. 

5.1. Cell Media 
Cell culture media formulations are Well knoWn in the 

literature and many are commercially available. 
Preconditioned media ingredients include, but are not lim 

ited to those described beloW. Additionally, the concentration 
of the ingredients is Well knoWn to one of ordinary skill in the 
art. See, for example, Methods For Preparation Of Media, 
Supplements and Substrate for Serum-free Animal Cell Cul 
tures, supra. The ingredients include amino-acids (both D 
and/or L-amino acids) such as glutamine, alanine, arginine, 
asparagine, cysteine, glutamic acid, glycine, histidine, isoleu 
cine, leucine, lysine, methionine, phenylalanine, proline, 
serine, threonine, tryptophan, tyrosine, and valine and their 
derivatives; acid soluble subgroups such as thiamine, ascor 
bic acid, ferric compounds, ferrous compounds, purines, glu 
tathione and monobasic sodium phosphates. 

Additional ingredients include sugars, deoxyribose, 
ribose, nucleosides, Water soluble vitamins, ribo?avin, salts, 
trace metals, lipids, acetate salts, phosphate salts, HEPES, 
phenol red, pyruvate salts and buffers. 

Other ingredients often used in media formulations include 
fat soluble vitamins (including A, D, E and K) steroids and 
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their derivatives, cholesterol, fatty acids and lipids TWeen 80, 
2-mercaptoethanol pyrimidines as Well as a variety of supple 
ments including serum (fetal, horse, calf, etc.), proteins (insu 
lin, transferrin, groWth factors, hormones, etc.) antibiotics 
(gentamicin, penicillin, streptomycin, amphotericin B, etc.) 
Whole egg ultra ?ltrate, and attachment factors (?bronectins, 
vitronectins, collagens, laminins, tenascins, etc.). 
Of course, the media may or may not need to be supple 

mented With groWth factors and other proteins such as attach 
ment factors since many of the cell constructs, particularly the 
three-dimensional cell and tissue culture constructs described 
in this application themselves elaborate such groWth and 
attachment factors and other products into the media as dis 
cussed in greater detail infra, Section 5.8. 

5.2. The Cell Cultures 
5.2.1. The Cells 
The medium may be conditioned by stromal cells, paren 

chymal cells, mesenchymal stem cells (lineage committed or 
uncommitted progenitor cells), liver reserve cells, neural 
stem cells, pancreatic stem cells, and/or embryonic stem 
cells. The cells may include, but are not limited to, bone 
marroW, skin, liver, pancreas, kidney, neurological tissue, 
adrenal gland, mucosal epithelium, and smooth muscle, to 
name but a feW. The ?broblasts and ?broblast-like cells and 
other cells and/or elements that comprise the stroma may be 
fetal or adult in origin, and may be derived from convenient 
sources such as skin, liver, pancreas, mucosa, arteries, veins, 
umbilical cord, and placental tissues, etc. Such tissues and/or 
organs can be obtained by appropriate biopsy or upon 
autopsy. In fact, cadaver organs may be used to provide a 
generous supply of stromal cells and elements. 

Embryonic stem cells and/ or other elements that comprise 
the stroma may be isolated using methods knoWn in the art. 
For instance, recently human embryonic stem cell popula 
tions and methods for isolating and using these cells have 
been reported in Keller et al., Nature Meal, 5: 151-152 (1999), 
Smith Curr Biol. 8:R802-804 (1998); isolated from primor 
dial germ cells, Shamblatt et al., PNAS 95:13726-1373 
(1998), isolated from blastocytes Thomason et al., Science 
282:1145-1147 (1988). The isolation and culture of mesen 
chymal stem cells are knoWn in the art. See Mackay et al., 
lissueEng. 4:415-428 (1988); William et al., Am Surg. 65:22 
26 (1999). Inoculation of these cells is described infra, in 
Section 5 .3. LikeWise, neural stem cells may be isolated in the 
manner described in Flax et al., Nature Biotechnol, 16: 1033 
1039 (1998); and Frisen et al., Cell. Mol. Life Sci, 54:935-945 
(1 998). 
The cells may be cultured in any manner knoWn in the art 

including in monolayer, beads or in three-dimensions and by 
any means (i.e., culture dish, roller bottle, a continuous ?oW 
system, etc.). Methods of cell and tissue culturing are Well 
knoWn in the art, and are described, for example, in Cell & 
Tissue Culture: Laboratory Procedures, supra, Freshney 
(1987), Culture ofAnimal Cells: A Manual ofBasic Tech 
niques, infra. 

In general, the cell lines utiliZed are carefully screened for 
human and animal pathogens. Depending upon the applica 
tion, such screening may be of critical importance Where only 
pathogen free cells are acceptable (e.g., for Wound healing, 
food additives, etc.) Methods of screening for pathogens are 
Well knoWn in the art. The cell type, Whether cultured in 
tWo-dimensions or three-dimensions, Will affect the proper 
ties of the conditioned medium. A three-dimensional con 
struct is preferred. 

5.2.2. Three-Dimensional Cell Cultures 
The stromal cells used in the three-dimensional cultures 

comprise ?broblasts, mesenchymal stem cells, liver reserve 
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cells, neural stem cells, pancreatic stem cells, and/or embry 
onic stem cells with or without additional cells and/or ele 
ments described more fully herein. 

Fibroblasts will support the growth of many different cells 
and tissues in the three-dimensional culture system, and, 
therefore, can be inoculated onto the matrix to form a 
“generic” stromal support matrix for culturing any of a vari 
ety of cells and tissues. However, in certain instances, it may 
be preferable to use a “speci?c” rather than “generic” stromal 
support matrix, in which case stromal cells and elements can 
be obtained from a particular tissue, organ, or individual. 
Moreover, ?broblasts and other stromal cells and/ or elements 
may be derived from the same type of tissue to be cultured in 
the three-dimensional system. This might be advantageous 
when culturing tissues in which specialiZed stromal cells may 
play particular structural/functional roles; e.g., smooth 
muscle cells of arteries, glial cells of neurological tissue, 
Kupffer cells of liver, etc. 
Once inoculated onto the three-dimensional support, the 

stromal cells will proliferate on the framework and deposit 
the connective tissue proteins naturally secreted by the stro 
mal cells such as growth factors, regulatory factors and extra 
cellular matrix proteins. The stromal cells and their naturally 
secreted connective tissue proteins substantially envelop the 
framework thus forming the living stromal tissue which will 
support the growth of tissue-speci?c cells inoculated into the 
three-dimensional culture system of the invention. In fact, 
when inoculated with the tissue-speci?c cells, the three-di 
mensional stromal tissue will sustain active proliferation of 
the culture for long periods of time. lmportantly, because 
openings in the mesh permit the exit of stromal cells in cul 
ture, con?uent stromal cultures do not exhibit contact inhibi 
tion, and the stromal cells continue to grow, divide, and 
remain functionally active. 

Growth and regulatory factors are elaborated by the stro 
mal tissue into the media. Growth factors (for example, but 
not limited to, otFGF, [3FGF, insulin growth factor or TGF 
betas), or natural or modi?ed blood products or other bioac 
tive biological molecules (for example, but not limited to, 
hyaluronic acid or hormones), enhance the coloniZation of the 
three-dimensional framework or scaffolding and condition 
the culture media. 

The extent to which the stromal cells are grown prior to use 
of the cultures in vivo may vary depending on the type of 
tissue to be grown in three-dimensional tissue culture. The 
living stromal tissues which condition the medium may be 
used as corrective structures by implanting them in vivo. 
Alternatively, the living stromal tissues may be inoculated 
with another cell type and implanted in vivo. The stromal 
cells may be genetically engineered to adjust the level of 
protein products secreted into the culture medium to improve 
the concentration of recovered product obtained from the 
conditioned medium. For example, anti-in?ammatory fac 
tors, e.g., anti-GM-CSF, anti-TNF, anti-lL-l, anti-lL-2, etc. 
Alternatively, the stromal cells may be genetically engineered 
to “knock out” expression of native gene products that pro 
mote in?ammation, e.g., GM-CSF, TNF, lL-l, lL-2, or 
“knock out” expression of MHC in order to lower the risk of 
rejection. 

Growth of the stromal cells in three-dimensions will sus 
tain active proliferation of both the stromal and tissue-speci?c 
cells in culture for much longer time periods than will mono 
layer systems. Moreover, the three-dimensional system sup 
ports the maturation, differentiation, and segregation of cells 
in culture in vitro to form components of adult tissues analo 
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gous to counterparts found in vivo and secure proteins into the 
conditional medium more closely resembling physiological 
ratios. 

Although the Applicants are under no duty or obligation to 
explain the mechanism by which the three-dimensional cell 
and tissue and the works, a number of factors inherent in the 
three-dimensional culture system may contribute to its suc 
cess: 

(a) The three-dimensional framework provides a greater 
surface area for protein attachment, and consequently, for the 
adherence of stromal cells; and 

(b) Because of the three-dimensionality of the framework, 
stromal cells continue to grow actively, in contrast to cells in 
monolayer cultures, which grow to con?uence, exhibit con 
tact inhibition, and cease to grow and divide. The elaboration 
of growth and regulatory factors by replicating stromal cells 
may be partially responsible for stimulating proliferation and 
regulating differentiation of cells in culture; 

(c) The three-dimensional framework allows for a spatial 
distribution of cellular elements which is more analogous to 
that found in the counterpart tissue in vivo; 

(d) The increase in potential volume for cell growth in the 
three-dimensional system may allow the establishment of 
localiZed microenvironments conducive to cellular matura 

tion; 
(e) The three-dimensional framework maximiZes cell-cell 

interactions by allowing greater potential for movement of 
migratory cells, such as macrophages, monocytes and possi 
bly lymphocytes in the adherent layer; 

(f) It has been recogniZed that maintenance of a differen 
tiated cellular phenotype requires not only growth/differen 
tiation factors but also the appropriate cellular interactions. 
The present invention effectively recreates the tissue 
microenvironment resulting in a superior conditioned 
medium. 

5.3. Establishment of Three-Dimensional Stromal Tissue 
The three-dimensional support or framework may be of 

any material and/ or shape that: (a) allows cells to attach to it 
(or can be modi?ed to allow cells to attach to it); and (b) 
allows cells to grow in more than one layer. A number of 
different materials may be used to form the framework, 
including but not limited to: non-biodegradable materials, 
e.g., nylon (polyamides), dacron (polyesters), polystyrene, 
polypropylene, polyacrylates, polyvinyl compounds (e.g., 
polyvinylchloride), polycarbonate (PVC), polytetra?uoreth 
ylene (PTFE; te?on), thermanox (TPX), nitrocellulose, cot 
ton; and biodegradable materials, e.g., polyglycolic acid 
(PGA), collagen, collagen sponges, cat gut sutures, cellulose, 
gelatin, dextran, polyalkanoates, etc. Any of these materials 
may be woven braided, knitted, etc., into a mesh, for example, 
to form the three-dimensional framework. The framework, in 
turn can be fashioned into any shape desired as the corrective 
structure, e.g., tubes, ropes, ?laments, etc. Certain materials, 
such as nylon, polystyrene, etc., are poor substrates for cel 
lular attachment. 
When these materials are used as the three-dimensional 

framework, it is advisable to pre-treat the framework prior to 
inoculation of stromal cells in order to enhance the attach 
ment of stromal cells to the support. For example, prior to 
inoculation with stromal cells, nylon frameworks could be 
treated with 0.1 M acetic acid, and incubated in polylysine, 
FBS, and/or collagen to coat the nylon. Polystyrene could be 
similarly treated using sulfuric acid. 
When the cultures conditioning the medium are to be 

implanted in vivo, it may be preferable to use biodegradable 
matrices such as polyglycolic acid, collagen, collagen 
sponges, woven collagen, catgut suture material, gelatin, 
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polylactic acid, or polyglycolic acid and copolymers thereof, 
for example. Where the cultures are to be maintained for long 
periods of time or cryopreserved, non-degradable materials 
such as nylon, dacron, polystyrene, polyacrylates, polyvi 
nyls, te?ons, cotton, etc., may be preferred. A convenient 
nylon mesh Which could be used in accordance With the 
invention is Nitex, a nylon ?ltration mesh having an average 
pore siZe of 2 1 0 pm and an average nylon ?ber diameter of 90 
um (#3-210/36, Tetko, Inc., NY). 

Stromal cells comprising ?broblasts, mesenchymal stem 
cells liver reserve cells, neural stem cells, pancreatic stem 
cells and/ or embryonic stem cells With or Without other cells 
and elements described beloW, are inoculated onto the frame 
Work. Also, cells found in loose connective tissue may be 
inoculated onto the three-dimensional support along With 
?broblasts. Such cells include but are not limited to smooth 
muscle cells, endothelial cells, pericytes, macrophages, 
monocytes, plasma cells, mast cells, adipocytes, etc. As pre 
viously explained, fetal ?broblasts can be used to form a 
“generic” three-dimensional stromal matrix that Will support 
the groWth of a variety of different cells and/ or tissues. HoW 
ever, a “speci?c” stromal tissue may be prepared by inocu 
lating the three-dimensional framework With ?broblasts 
derived from the same type of tissue to be cultured and/or 
from a particular individual Who is later to receive the cells 
and/ or tissues groWn in culture in accordance With the three 
dimensional system of the invention. 

Thus, in one embodiment of the invention, stromal cells 
Which are specialiZed for the particular tissue may be cul 
tured. For example, stromal cells of hematopoietic tissue, 
including but not limited to ?broblasts, endothelial cells, 
macrophages/monocytes, adipocytes and reticular cells, 
could be used to form the three-dimensional subcon?uent 
stroma for the long term culture of bone marroW in vitro. 
Hematopoietic stromal cells may be readily obtained from the 
“buffy coat” formed in bone marroW suspensions by centrifu 
gation at loW forces, e.g., 3000><g. In the stromal layer that 
makes up the inner Wall of arteries, a high proportion of 
undifferentiated smooth muscle cells can be added to provide 
the protein elastic. Stromal cells of liver may include ?bro 
blasts, Kupffer cells, and vascular and bile duct endothelial 
cells. Similarly, glial cells could be used as the stroma to 
support the proliferation of neurological cells and tissues; 
glial cells for this purpose canbe obtained by trypsiniZation or 
collagenase digestion of embryonic or adult brain (Ponten 
and Westerrnark, 1980, in Federof, S. Hertz, L., eds, 
“Advances in Cellular Neurobiology,” Vol. 1, NeW York, Aca 
demic Press, pp. 209-227). The groWth of cells in the three 
dimensional stromal cell culture may be further enhanced by 
adding to the frameWork, or coating the support With proteins 
(e.g., collagens, elastic ?bers, reticular ?bers) glycoproteins, 
glycosaminoglycans (e.g., heparin sulfate, chondroitin-4-sul 
fate, chondroitin-6-sulfate, der'matan sulfate, keratin sulfate, 
etc.), a cellular matrix, and/ or other materials. 

Further, mesenchymal stem cells (lineage committed or 
uncommitted progenitor cells) are advantageous “stromal” 
cells for inoculation onto the frameWork. The cells may dif 
ferentiate into osteocytes, ?broblasts of the tendons and liga 
ments, marroW stromal cells, adipocytes and other cells of 
connective tissue, chondrocytes, depending of course, on 
endo gens or supplemented groWth and regulatory factors and 
other factors including prostaglandin, interleukins and natu 
rally-occurring chalones Which regulate proliferation and/or 
differentiation. 

Fibroblasts may be readily isolated by disaggregating an 
appropriate organ or tissue Which is to serve as the source of 
the ?broblasts. This may be readily accomplished using tech 
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niques knoWn to those skilled in the art. For example, the 
tissue or organ can be desegregated mechanically and/or 
treated With digestive enZymes and/or chelating agents that 
Weaken the connections betWeen neighboring cells making it 
possible to disperse the tissue into a suspension of individual 
cells Without appreciable cell breakage. Enzymatic dissocia 
tion can be accomplished by mincing the tissue and treating 
the minced tissue With any of a number of digestive enZymes 
either alone or in combination. These include but are not 
limited to trypsin, chymotrypsin, collagenase, elastase, and/ 
or hyaluronidase, DNase, pronase, dispase etc. Mechanical 
disruption can also be accomplished by a number of methods 
including, but not limited to, the use of grinders, blenders, 
sieves, homogeniZers, pressure cells, or insonators to name 
but a feW. For a revieW of tissue disaggregation techniques, 
see Freshney, Culture of Animal Cells: A Manual of Basic 
Technique, 2d Ed., A.R. Liss, Inc., New York, 1987, Ch. 9, pp. 
107-126. 
Once the tissue has been reduced to a suspension of indi 

vidual cells, the suspension can be fractionated into subpopu 
lations from Which the ?broblasts and/ or other stromal cells 
and/or elements can be obtained. This also may be accom 
plished using standard techniques for cell separation includ 
ing, but not limited to, cloning and selection of speci?c cell 
types, selective destruction of unWanted cells (negative selec 
tion), separation based upon differential cell agglutinability 
in the mixed population, freeZe-thaW procedures, differential 
adherence properties of the cells in the mixed population, 
?ltration, conventional and Zonal centrifugation, centrifugal 
elutriation (counterstreaming centrifugation), unit gravity 
separation, countercurrent distribution, electrophoresis and 
?uorescence-activated cell sorting. For a revieW of clonal 
selection and cell separation techniques, see Freshney, Cul 
lure ofAnimal Cells: A Manual ofBasic Techniques, 2d Ed., 
A.R. Liss, lnc., NeWYork, 1987, Ch. 11 and 12, pp. 137-168. 
The isolation of ?broblasts may, for example, be carried 

out as folloWs: fresh tissue samples are thoroughly Washed 
and minced in Hanks balanced salt solution (HBSS) in order 
to remove serum. The minced tissue is incubated from 1-12 
hours in a freshly prepared solution of a dissociating enZyme 
such as trypsin. After such incubation, the dissociated cells 
are suspended, pelleted by centrifugation and plated onto 
culture dishes. All ?broblasts Will attach before other cells, 
therefore, appropriate stromal cells canbe selectively isolated 
and groWn. The isolated ?broblasts can then be groWn to 
con?uency, lifted from the con?uent culture and inoculated 
onto the three-dimensional matrix (see, Naughton et al., 
1987, .1. Med. 18 (3 and 4) 219-250). Inoculation of the 
three-dimensional frameWork With a high concentration of 
stromal cells, e.g., approximately 106 to 5><107 cells/ml, Will 
result in the establishment of the three-dimensional stromal 
tissue in shorter periods of time. 

After inoculation of the stromal cells, the three-dimen 
sional frameWork should be incubated in an appropriate nutri 
ent medium. As previously mentioned, many commercially 
available media such as RPMI 1640, Fisher’s, lscove’s, 
McCoy’s, and the like may be suitable for use. It is important 
that the three-dimensional stromal cell cultures be suspended 
or ?oated in the medium during the incubation period in order 
to maximiZe proliferative activity. The culture is “fed” peri 
odically and the conditioned media of the invention is recov 
ered and processed as described beloW in Sections 5.6 and 
5.7. Thus, depending upon the tissue to be cultured and the 
collagen types desired, the appropriate stromal cell(s) may be 
selected to inoculate the three-dimensional matrix. 

During incubation of the three-dimensional stromal cell 
cultures, proliferating cells may be released from the matrix. 
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These released cells may stick to the Walls of the culture 
vessel Where they may continue to proliferate and form a 
con?uent monolayer. This should be prevented or minimized, 
for example, by removal of the released cells during feeding, 
or by transferring the three-dimensional stromal culture to a 
neW culture vessel. The presence of a con?uent monolayer in 
the vessel Will “shut doWn” the groWth of cells in the three 
dimensional matrix and/ or culture. Removal of the con?uent 
monolayer or transfer of the culture to fresh media in a neW 
vessel Will restore proliferative activity of the three-dimen 
sional culture system. It should be noted that the conditioned 
media of the invention is processed, if necessary, so that it 
does not contain any Whole cells (unless of course, Whole 
cells are used for a speci?c application). Such removal or 
transfers should be done in any culture vessel Which has a 
stromal monolayer exceeding 25% con?uency. Alternatively, 
the culture system could be agitated to prevent the released 
cells from sticking, or instead of periodically feeding the 
cultures, the culture system could be set up so that fresh media 
continuously ?oWs through the system. The ?oW rate could be 
adjusted to both maximize proliferation Within the three 
dimensional culture, and to Wash out and remove cells 
released from the culture, so that they Will not stick to the 
Walls of the vessel and groW to con?uence. 

Other cells, such as parenchymal cells, may be inoculated 
and groWn on the three-dimensional living stromal tissue. 

5.4. Inoculation of Tissue-Speci?c Cells onto Three-Di 
mensional Stromal Matrix and Maintenance of Cultures 

Once the three-dimensional stromal cell culture has 
reached the appropriate degree of groWth, additional cells 
such as tissue-speci?c cells (parenchymal cells) or surface 
layer cells Which are desired to be cultured may also be 
inoculated onto the living stromal tissue. The cells are groWn 
on the living stromal tissue in vitro to form a cultured coun 
terpart of the native tissue and condition the media by elabo 
rating extracellular products into the media at ratios resem 
bling physiological levels.A high concentration of cells in the 
inoculum Will advantageously result in increased prolifera 
tion in culture much sooner than Will loW concentrations. The 
cells chosen for inoculation Will depend upon the tissue to be 
cultured, Which may include, but is not limited to, bone mar 
roW, skin, liver, pancreas, kidney, neurological tissue, adrenal 
gland, mucosal epithelium, and smooth muscle, to name but 
a feW. Such cells With elaborate characteristic extracellular 
proteins such as certain groWth factors into the media result 
ing in media optimized for certain tissue speci?c applications. 

For example, and not by Way of limitation, a variety of 
epithelial cells can be cultured on the three-dimensional liv 
ing stromal tissue. Examples of such epithelial cells include, 
but are not limited to, keratinocytes, oral mucosa and gas 
trointestinal (GI) tract cells. Such epithelial cells may be 
isolated by enzymatic treatment of the tissue according to 
methods knoWn in the art, folloWed by expansion of these 
cells in culture and application of epithelial cells to the three 
dimensional stromal support cell matrix. The presence of the 
stromal support provides groWth factors and other proteins 
Which promote normal division and differentiation of epithe 
lial cells. 

In general, this inoculum should include the “stem” cell 
(also called the “reserve” cell) for that tissue; i.e., those cells 
Which generate neW cells that Will mature into the specialized 
cells that form the various components of the tissue. 

The parenchymal or other surface layer cells used in the 
inoculum may be obtained from cell suspensions prepared by 
disaggregating the desired tissue using standard techniques 
described for obtaining stromal cells in Section 5.3 above. 
The entire cellular suspension itself could be used to inocu 
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late the three-dimensional living stromal tissue. As a result, 
the regenerative cells contained Within the homogenate Will 
proliferate, mature, and differentiate properly on the matrix, 
Whereas non-regenerative cells Will not. Alternatively, par 
ticular cell types may be isolated from appropriate fractions 
of the cellular suspension using standard techniques 
described for fractionating stromal cells in Section 5 .1 above. 
Where the “stem” cells or “reserve” cells can be readily 
isolated, these may be used to preferentially inoculate the 
three-dimensional stromal support. For example, When cul 
turing bone marroW, the three-dimensional stroma may be 
inoculated With bone marroW cells, either fresh or derived 
from a cryopreserved sample. When culturing skin, the three 
dimensional stroma may be inoculated With melanocytes and 
keratinocytes. When culturing liver, the three-dimensional 
stroma may be inoculated With hepatocytes. When culturing 
pancreas, the three-dimensional stroma may be inoculated 
With pancreatic endocrine cells. For a revieW of methods 
Which may be utilized to obtain parenchymal cells from vari 
ous tissues, see, Freshney, Culture of Animal Cells.A Manual 
ofBasic Technique, 2d Ed., A.R. Liss, Inc., NeWYork, 1987, 
Ch. 20, pp. 257-288. 

In fact, different proportions of the various types of col 
lagen deposited on the stromal matrix prior to inoculation can 
affect the groWth of the later-inoculated tissue-speci?c cells. 
For example, for optimal groWth of hematopoietic cells, the 
matrix should preferably contain collagen types III, IV and I 
in an approximate ratio of 6:3 :1 in the initial matrix. For three 
dimensional skin culture systems, collagen types I and III are 
preferably deposited in the initial matrix. The proportions of 
collagen types deposited can be manipulated or enhanced by 
selecting ?broblasts Which elaborate the appropriate collagen 
type. This can be accomplished using monoclonal antibodies 
of an appropriate isotype or subclass that is capable of acti 
vating complement, and Which de?ne particular collagen 
types. These antibodies and complement can be used to nega 
tively select the ?broblasts Which express the desired col 
lagen type. Alternatively, the stromal cells used to inoculate 
the matrix can be a mixture of cells Which synthesize the 
appropriate collagen type desired. The distribution and ori 
gins of various types of collagen is shoWn in Table I. 

TABLE I 

DISTRIBUTIONS AND ORIGINS OF 
VARIOUS TYPES OF COLLAGEN 

Collagen 
Type Principal Tissue Distribution Cells of Origin 

I Loose and dense ordinary Fibroblasts and reticular 
connective tissue; collagen ?bers cells; smooth muscle cells 
Fibrocartilage 
Bone Osteoblast 
Dentin Odontoblasts 

II Hyaline and elastic cartilage Chondrocytes 
Vitreous body of eye Retinal cells 

III Loose connective tissue; Fibroblasts and reticular cells 
reticular ?bers 
Papillary layer of dermis 
Blood vessels Smooth muscle cells; 

endothelial cells 
IV Basement membranes Epithelial and endothelial 

cells 
Lens capsule of eye Lens ?bers 

V Fetal membranes; placenta Fibroblast 
Basement membranes 
Bone 
Smooth muscle Smooth muscle cells 

Fibroblasts 
VI Connective Tissue 
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TABLE I-continued 

DISTRIBUTIONS AND ORIGINS OF 
VARIOUS TYPES OF COLLAGEN 

Collagen 
Type Principal Tissue Distribution Cells of Origin 

VII Epithelial basement membranes, Fibroblasts, keratinocytes 
anchoring ?brils 
Cornea Corneal ?broblasts 

VIII Cartilage 
IX Hypertrophic cartilage 
X Cartilage 

Fibroblasts 
XI Papillary dermis Fibroblasts 
XII Reticular dermis Fibroblasts 
XIV, P170 bullous pemphigoid antigen Keratinocytes 
undulin 
XVII 

During incubation, the three-dimensional cell culture sys 
tem should be suspended or ?oated in the nutrient medium. 
Cultures should be fed with fresh media periodically. Again, 
care should be taken to prevent cells released from the culture 
from sticking to the walls of the vessel where they could 
proliferate and form a con?uent monolayer. The release of 
cells from the three-dimensional culture appears to occur 
more readily when culturing diffuse tissues as opposed to 
structured tissues. For example, the three-dimensional skin 
culture of the invention is histologically and morphologically 
normal; the distinct dermal and epidermal layers do not 
release cells into the surrounding media. By contrast, the 
three-dimensional bone marrow cultures of the invention 
release mature non-adherent cells into the medium much the 
way such cells are released in marrow in vivo. As previously 
explained, should the released cells stick to the culture vessel 
and form a con?uent monolayer, the proliferation of the three 
dimensional culture will be “shut down”. This can be avoided 
by removal of released cells during feeding, transfer of the 
three-dimensional culture to a new vessel, by agitation of the 
culture to prevent sticking of released cells to the vessel wall, 
or by the continuous ?ow of fresh media at a rate su?icient to 
replenish nutrients in the culture and remove released cells. 
As previously mentioned, the conditioned media is pro 
cessed, if necessary, so that it is free of whole cells and 
cellular debris. 

The growth and activity of cells in culture can be affected 
by a variety of growth factors such as insulin, growth hor 
mone, somatomedins, colony stimulating factors, erythropoi 
etin, epidermal growth factor, hepatic erythropoietic factor 
(hepatopoietin), and liver-cell growth factor. Other factors 
which regulate proliferation and/or differentiation include 
prostaglandins, interleukins, and naturally-occurring cha 
lones. 

5.5. Genetically Engineered Constructs 
In another embodiment, the three-dimensional constructs 

conditioning the media can act as vehicles for introducing 
gene products into the media that promote the repair and/or 
regeneration of tissue defects, for example. The cells can be 
genetically engineered to express, for example, in?ammatory 
mediators, such as IL-6, IL-8 and G-CSF. The cells could also 
or alternatively be genetically engineering to express anti 
in?ammatory factors, e.g., anti-GM-CSF, anti-TNF, anti-IL 
1, anti-IL-2, etc. 

In another embodiment, the cells can be genetically engi 
neered to express a gene into the media which would exert a 
therapeutic effect, e. g., in the production of TGF-[3 to stimu 
late cartilage production, or other factors such as BMP-13 to 
promote chondrogenesis or stimulatory factors that promote 
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migration of stromal cells and/ or matrix deposition. Since the 
constructs comprise eukaryotic cells, the gene product will be 
properly expressed and processed to form an active product. 
Preferably, the expression control elements used should allow 
for the regulated expression of the gene so that the product can 
be over-synthesized in culture. The transcriptional promoter 
chosen, generally, and promoter elements speci?cally, 
depend, in part, upon the type of tissue and cells cultured. 
Cells and tissues which are capable of secreting proteins are 
preferable (e.g., those having abundant rough endoplasmic 
reticulum and Golgi complex organelles). The over-produced 
gene product will then be secreted by the engineered cell into 
the conditioned media. 
The cells used to condition the media may be genetically 

engineered to regulate one or more genes; or the regulation of 
gene expression may be transient or long-term; or the gene 
activity may be non-inducible or inducible. 
The cells that condition the media can also be genetically 

engineered to “knock out” expression of factors that promote 
in?ammation. Negative modulatory techniques for the reduc 
tion of target gene expression levels or target gene product 
activity levels are discussed below. “Negative modulation”, 
as used herein, refers to a reduction in the level and/or activity 
of target gene product relative to the level and/or activity of 
the target gene product in the absence of the modulatory 
treatment. The expression of a gene native to the cell can be 
reduced or knocked out using a number of techniques, for 
example, expression may be inhibited by inactivating the 
gene completely (commonly termed “knockout”) using stan 
dard homologous recombination techniques. Usually, an 
exon encoding an important region of the protein (or an exon 
5' to that region) is interrupted by a positive selectable marker 
(for example neo), preventing the production of normal 
mRNA from the target gene and resulting in inactivation of 
the gene. A gene may also be inactivated by creating a dele 
tion or an inactivating insertion in part of a gene, or by 
deleting the entire gene. By using a construct with two regions 
of homology to the target gene that are far apart in the 
genome, the sequences intervening the two regions can be 
deleted. Mombaerts et al., 1991, Proc. Nat. Acad. Sci. USA. 
88:3084-3087. Alternatively, a gene may also be inactivated 
by deletion of upstream or downstream expression elements. 

Antisense and riboZyme molecules which inhibit expres 
sion of the target gene can also be used in accordance with the 
invention to reduce the level of target gene activity. For 
example, antisense RNA molecules which inhibit the expres 
sion of major histocompatibility gene complexes (HLA) have 
been shown to be most versatile with respect to immune 
responses. Furthermore, appropriate riboZyme molecules can 
be designed as described, e.g., by Haseloffet al., 1988, Nature 
334:585-591; Zaug et al., 1984, Science 224:574-578; and 
Zaug and Cech, 1986, Science 231 :470-475. Still further, 
triple helix molecules can be utilized in reducing the level of 
target gene activity. These techniques are described in detail 
by L. G. Davis et al., eds, Basic Methods in Molecular Biol 
ogy, 2nd ed., Appleton & Lange, Norwalk, Conn. 1994. 

Methods that may be useful to genetically engineer the 
cells of the invention are well-known in the art and are further 
detailed in co-ownedU.S. Pat. Nos. 4,963,489 and 5,785,964, 
the disclosures of which are incorporated herein by reference. 
For example, a recombinant DNA construct or vector con 

taining an exogenous nucleic acid, e. g., encoding a gene 
product of interest, may be constructed and used to transform 
or transfect the stromal cells of the invention. Such trans 
formed or transfected cells that carry the exogenous nucleic 
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acid, and that are capable of expressing said nucleic acid, are 
selected and clonally expanded in the three-dimensional con 
structs of this invention. 

Methods for preparing DNA constructs containing the 
gene of interest, for transforming or transfecting cells, and for 
selecting cells carrying and expressing the gene of interest are 
Well-knoWn in the art. See, for example, the techniques 
described in Maniatis et al., 1989, Molecular Cloning, A 
Laboratory Manual, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, N.Y.; Ausubel et al., 1989, Current Pro 
Zocols in MolecularBiology, Greene Publishing Associates & 
Wiley Interscience, N.Y.; and Sambrook et al., 1989, Molecu 
lar Cloning: A Laboratory Manual, 2nd Ed., Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, NY. 

The cells can be engineered using any of a variety of 
vectors including, but not limited to, integrating viral vectors, 
e.g., retrovirus vector or adeno-associated viral vectors; or 

non-integrating replicating vectors, e. g., papilloma virus vec 
tors, SV40 vectors, adenoviral vectors; or replication-defec 
tive viral vectors. Where transient expression is desired, non 
integrating vectors and replication defective vectors may be 
preferred, since either inducible or constitutive promoters can 
be used in these systems to control expression of the gene of 
interest. Alternatively, integrating vectors can be used to 
obtain transient expression, provided the gene of interest is 
controlled by an inducible promoter. Other methods of intro 
ducing DNA into cells include the use of liposomes, lipofec 
tion, electroporation, a particle gun, or by direct DNA inj ec 
tion. 

The cells are preferably transformed or transfected With a 

nucleic acid, e. g., DNA, controlled by, i.e., in operative asso 
ciation With, one or more appropriate expression control ele 
ments such as promoter or enhancer sequences, transcription 
terminators, polyadenylation sites, among others, and a 
selectable marker. FolloWing the introduction of the foreign 
DNA, engineered cells may be alloWed to groW in enriched 
media and then sWitched to selective media. The selectable 
marker in the foreign DNA confers resistance to the selection 
and alloWs cells to stably integrate the foreign DNA as, for 
example, on a plasmid, into their chromosomes and groW to 
form foci Which, in turn, can be cloned and expanded into cell 
lines. This method can be advantageously used to engineer 
cell lines Which express the gene product into the media. 
Any promoter may be used to drive the expression of the 

inserted gene. For example, viral promoters include but are 
not limited to the CMV promoter/enhancer, SV40, papillo 
mavirus, Epstein-Barr virus, elastin gene promoter and 
[3-globin. Preferably, the control elements used to control 
expression of the gene of interest should alloW for the regu 
lated expression of the gene so that the product is synthesiZed 
only When needed in vivo. lf transient expression is desired, 
constitutive promoters are preferably used in a non-integrat 
ing and/or replication-defective vector. Alternatively, induc 
ible promoters could be used to drive the expression of the 
inserted gene When necessary. lnducible promoters can be 
built into integrating and/or replicating vectors. For example, 
inducible promoters include, but are not limited to, metal 
lothionein and heat shock protein. 

According to one embodiment, the inducible promoters 
used for expressing exogenous genes of interest are those that 
are the native promoters of those regulatory proteins as dis 
closed herein that are induced as a result of cryopreservation 
and subsequent thaWing. For example, the promoter of TGF 
[3,VEGF, or various knoWn heat shock proteins can be used as 
the expression control element, i.e., can be operatively linked 
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to an exogenous gene of interest in order to express a desired 
gene product in the tissue constructs conditioning the cell 
media. 
A variety of methods may be used to obtain the constitutive 

or transient expression of gene products engineered into the 
cells. For example, the transkaryotic implantation technique 
described by Seldon et al., 1987, Science 236:714-718 can be 
used. “Transkaryotic”, as used herein, suggests that the nuclei 
of the implanted cells have been altered by the addition of 
DNA sequences by stable or transient transfection. Prefer 
ably, the cells are engineered to express such gene products 
transiently and/or under inducible control during the post 
operative recovery period, or as a chimeric fusion protein 
anchored to the stromal cells, for example, as a chimeric 
molecule composed of an intracellular and/ or transmembrane 
domain of a receptor or receptor-like molecule, fused to the 
gene product as the extracellular domain. 

Furthermore, it may be desirable to prepare a construct 
having an extracellular matrix containing a foreign gene 
product, groWth factor, regulatory factor, etc., Which is then 
found in the conditioned media. This embodiment is based on 
the discovery that, during the groWth of human stromal cells 
on a three-dimensional support framework, the cells synthe 
siZe and deposit on the framework a human extracellular 
matrix as produced in normal human tissue. The extracellular 
matrix is secreted locally by cells and not only binds cells and 
tissue together but also in?uences the development and 
behavior of the cells it contacts. The extracellular matrix 
contains various connective tissue proteins, e.g., ?ber-form 
ing proteins interWoven in a hydrated gel composed of a 
netWork of glycosaminoglycans chains. The glycosami 
noglycans are a heterogeneous group of long, negatively 
charged polysaccharide chains, Which (except for hyaluronic 
acid) are covalently linked to protein to form proteoglycans 
molecules. According to this embodiment of the invention, 
the stromal cells may be genetically engineered to express a 
desired gene product, or altered forms of a gene product, 
Which Will be present in the extracellular matrix and ulti 
mately the cell medium. 

5.6. Recovery of the Conditioned Media 
The cells can be cultured by any means knoWn in the art. 

Preferably, the cells are cultured in an environment Which 
enables aseptic processing and handling. Conventional 
means of cell and tissue culture have been limited by the need 
for human supervision and control of the media. This limits 
the amount of cells and tissue that can be cultured at a single 
time and consequently the volume of conditioned cell media 
that can be obtained at a single time. For this reason, it is 
preferred that the media be conditioned in a manner alloWing 
for large scale groWth (yielding large scale conditioned 
media) using, for example, an apparatus for aseptic large 
scale culturing like that described in co-oWned US. Pat. No. 
5,763,267 (the ’267 patent) Which is incorporated by refer 
ence herein in its entirety for all purposes. Using the aseptic 
closed system described in the ’267 patent, preconditioned 
culture media is transported from a ?uid reservoir to an inlet 
manifold and evenly distributed to the cultures in a continu 
ous ?oW system and is useful in culturing three-dimensional 
cell and tissue cultures, such as Dermagraft® for example. In 
particular, the apparatus described in the ’267 patent includes 
a plurality of ?exible or semi-?exible treatment chambers 
comprising one or more individual culture pockets, a plurality 
of rigid spacers, an inlet ?uid manifold, an outlet ?uid mani 
fold, a ?uid reservoir, and a means for transporting ?uid 
Within the system. 

During treatment, liquid medium is transported from the 
?uid reservoir to the inlet manifold, Which in turn evenly 
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distributes the media to each of the connected treatment 
chambers and internal culture pockets. An outlet ?uid mani 
fold is also provided to ensure that each treatment chamber is 
evenly ?lled and to ensure that any air bubbles formed during 
treatment are removed from the treatment chambers. The 
treatment chambers are ?exible or semi-?exible so as to pro 

vide for easy end-user handling during rinsing and applica 
tion of the cultured transplants. Due to the ?exibility of the 
treatment chambers, rigid spacers are also provided which 
ensure even ?uid distribution within the chambers during 
treatment. When appropriate (i.e., once the medium is condi 
tioned so that extracellular proteins such as growth factors 
have reached desirable levels in the medium) the “condition” 
medium is pumped out of the system and processed for use. 
Preferably, the conditioned cell medium is harvested from the 
apparatus at the later stages of growth of the tissue when the 
level of certain growth factors and connective tissue protein 
secretion is at its highest level (See FIG. 1). In a preferred 
embodiment, the medium conditioned by the three dimen 
sional cell culture is collected after exposure of the medium to 
the cells at days 10 through day 14 of culturing. 

In another embodiment, the three-dimensional tissue is 
cultivated in an apparatus for aseptic growth of three-dimen 
sional tissue cultures as described in US. Pat. No. 5,843,766 
(the ’766 patent) incorporated herein in its entirety for all 
purposes. The ’766 patent discloses a tissue culture chamber 
in which the chamber is a casing that provides for growth of 
three-dimensional tissue that can be grown, preserved in fro 
Zen form, and shipped to the end user in the same aseptic 
container. The tissue culture chamber includes a casing com 
prising a substrate within the casing designed to facilitate 
three-dimensional tissue growth on the surface of the sub 
strate. The casing includes an inlet and an outlet port which 
assist the in?ow and out?ow of medium. The casing also 
includes at least one ?ow distributor. In one embodiment, the 
?ow distributor is a baf?e, which is used to distribute the ?ow 
of the medium within the chamber to create a continuous, 
uniform piece of three-dimensional tissue. In a second 
embodiment, the ?ow distributor is a combination of de?ec 
tor plates, distribution channels, and a ?ow channel. In each 
embodiment, the casing further includes a seal so as to ensure 
an aseptic environment inside the chamber during tissue 
growth and storage. Again the medium is preferably har 
vested from the apparatus at the later stages of growth of the 
tissue when the level of in growth factors and connective 
tissue protein secretion is at its highest level (See FIG. 1). In 
a preferred embodiment, the medium conditioned by the three 
dimensional cell culture is collected after exposure of the 
medium to the cells at days 10 through day 14 of culturing. 

5.7. Concentration of the Conditioned Medium 
Following removal of the cell conditioned medium, it may 

be necessary to further process the resulting supernatant. 
Such processing may include, but are not limited to, concen 
tration by a water ?ux ?ltration device or by de?ltration using 
the methods described in Cell & Tissue Culture: Laboratory 
Procedures, supra, pp 29 D:0.1-29D:0.4. 

Additionally, the medium may be concentrated 10 to 20 
fold using a positive pressure concentration device having a 
?lter with a 10,000 ml cut-off (Amicon, Beverly, Mass.). 

Also, the conditioned medium may be further processed 
for product isolation and puri?cation to remove unwanted 
proteases, for example. The methods used for product isola 
tion and puri?cation so that optimal biological activity is 
maintained will be readily apparent to one of ordinary skill in 
the art. For example, it may be desirous to purify a growth 
factor, regulatory factor, peptide hormone, antibody, etc. 
Such methods include, but are not limited to, gel chromatog 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

22 
raphy (using matrices such as sephadex) ion exchange, metal 
chelate a?inity chromatography with an insoluble matrix 
such as cross-linked agarose, HPLC puri?cation and hydro 
phobic interaction chromatography of the conditioned media. 
Such techniques are described in greater detail in Cell & 
Tissue Culture: Laboratory Procedures, supra. Of course, 
depending upon the desired application of the conditioned 
medium, and/or products derived thereof, appropriate mea 
sures must be taken to maintain sterility. Alternatively, ster 
iliZation may be necessary and can be accomplished by meth 
ods known to one of ordinary skill in the art, such as, for 
example, heat and/ or ?lter sterilization taking care to preserve 
the desired biological activity. 

5.7.1. Isolation of Collagen 
As previously mentioned, the conditioned medium of the 

invention contains numerous products which may be isolated 
and puri?ed therefrom. For example, human dermal ?bro 
blasts synthesiZe and secrete collagen precursors and a frac 
tion of these precursors are incorporated into a three-dimen 
sional extracellular matrix. This incorporation requires the 
removal of terminal peptides (N - and C-peptides) which sig 
ni?cantly lowers the solubility of the collagen molecules (the 
rest of the secreted collagen remains in solution due to lack of 
proteolysis). Generally, soluble collagen may be obtained 
under neutral pH conditions at high salt concentrations. See 
Kielty, C. M., I. Hopkinson, et al. (1993), Collagen: The 
Collagen Family: Structure, Assembly, and Organization in 
the Extracellular Matrix, Connective Tissue and Its Heritable 
Disorders: molecular, genetic and medical aspects. P. M. 
Royce and B. Steinmann. New York, Wiley-Liss, Inc.: 103 
149). Applicants provide data showing the effect of condi 
tioned medium (medium which has previously supported the 
growth of cells cultured in three dimensions) on the prepara 
tion and composition of three-dimensional tissues by mea 
suring the amount of collagen secreted into the extracellular 
matrix of tissues cultured in the presence of serum-free 
medium, medium or three dimensional conditioned medium 
(see Section 6.3). The conditioned medium of the invention 
signi?cantly increases collagen deposition of tissue in vitro as 
shown in FIG. 4 

Further, Applicants’ have discovered that, surprisingly, 
collagen is not laid down in linear fashion, but is instead 
secreted at increasing levels during the culturing process (see 
FIG. 1). Accordingly, Applicants’ have applied this discovery 
when harvesting the collagen. 

It should be understood that the following protocol is 
offered by way of example and may be modi?ed using meth 
ods known to those of skill in the relevant art. To purify the 
collagen, add 240 mL of medium conditioned with ?broblasts 
to 240 mL 5M NaCl (a 1:1 ratio of medium to salt) and 
precipitate for 16 hours at 40 Celsius. Centrifuge the suspen 
sion for approximately 20 minutes at 4000><g. Discard the 
supernatant. Wash the pellet with 10 mL of a solution of 50 
mM Tris-HCl (pH 7.5) and 2.4M NaCl. Centrifuge for 20 
minutes at 4000><g and discard the supernatant. Resuspend 
the pellet in 10 mL of 0.5M acetic acid. To remove the propep 
tides, add 0.1 mL of pepsin (100 mg/mL) (Sigma Chemical, 
St. Louis, Mo.) and digest for 16 hours at 40 Celsius (this 
removes the propeptides but leaves the triple helix intact). 
Centrifuge the suspension for 20 minutes at 4000><g. Recover 
supernatant and discard the pellet. Add 2.1 mL of 5M NaCl 
and 0.5M acetic acid to a ?nal volume of 15 mL (?nal NaCl 
concentration of 0.7M). Precipitate for approximately 16 
hours at 40 Celsius. Centrifuge the suspension for 20 minutes 
at 4000><g and discard the supernatant. Dissolve pellet in 0.5 
mL of 0.5M acetic acid solution. The purity of the collagen 
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should be at least 90% and may be analyzed by standard 
methods known in the art such as SDS-PAGE, for example. 

5.8. Applications Using the Conditioned Media 
5.8.1. Wound Healing Applications 
The conditioned media of the invention may be processed 

to promote Wound and burn healing. When tissue is injured, 
polypeptide groWth factors, Which exhibit an array of biolo gi 
cal activities, are released into the Wound to promote healing. 
Wound healing is a complex process that involves several 
stages and is capable of sealing breaches to the integument in 
a controlled manner to form functionally competent tissue. 
The process begins With hemostasis folloWed by an in?am 
matory phase involving neutrophils and macrophages. The 
process continues With the development of granulation tissue 
and re-epithelialiZation to close the Wound. Subsequently, 
scar tissue forms and is remodeled over the succeeding 
months to an approximation of the original anatomical struc 
ture. Ideally, scar tissue is minimal so that healthy tissue, 
functionally competent tissue Which histologically and physi 
ologically resembles the original normal tissue, may form. 

Each stage of the healing process is controlled by cellular 
interactions through regulatory proteins such as cytokines, 
groWth factors, and in?ammatory mediators as Well as cell 
contact mechanisms. For example, in?ammatory mediators 
such as IL-6, IL-8, and G-CSF induce lymphocyte differen 
tiation and acute phase proteins, as Well as neutrophil in?l 
tration, maturation and activation, processes that are impor 
tant in the in?ammatory stages of Wound healing. Other 
examples of regulatory proteins involved in the Wound heal 
ing process are VEGF that induces angiogenesis during 
in?ammation and granulation tissue formation, the BMP’s 
Which induce bone formation, KGF that activates kerati 
nocytes and TGF-[31 that induces deposition of extracellular 
matrix. Table 2 (beloW) lists the concentration of a number of 
groWth factors determined by ELISA (enzyme linked 
immuno assay) to be in Applicants’ conditioned medium 
Which previously supported the groWth of the cells groWn in 
Dermagraft® tissue culture. It should be understood that the 
folloWing list is not an all inclusive list of factors and is 
provided solely to further characteriZe the conditioned 
medium by providing the concentration of some of the bio 
logically active factors present in the medium of the inven 
tion. 

TABLE 2 

Growth Factor Concentrations in Conditioned 
Medium as Measured by ELISA 

VEGF 3.2 ng/ml 
G-CSF 2.3 ngrnl 
IL-8 0.9 ngml 
IL-8 3.2 ngml 
KGF 1.67 ngrnl 
TGF-[3 0.8 ngml 

In chronic Wounds, the healing process is interrupted at a 
point subsequent to hemostasis and prior to re-epithelialiZa 
tion, and is apparently unable to restart. Most of the in?am 
mation seen in the Wound bed is related to infection, but the 
in?ammation gives rise to an environment rich in proteases 
that degrade regulatory proteins and thus interfere With the 
Wound healing process. 
A variety of methods have been utiliZed to quantify and 

characteriZe the major molecular components secreted by 
?broblasts found in the three-dimensional tissue cultures 
TransCyteTM and Dermagraft®. The human matrix proteins 
and glycosaminoglycans (GAGs) present in TransCyteTM and 
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Dermagraft® include, but are not limited to, collagen I, III, 
?bronectin, tenascin, decorin, versican betaglycan, syndecan 
as Well as other components (data not shoWn). These secreted 
proteins and GAGs serve major structural functions as Well as 
stimulate cell division, migration, adhesion and signal trans 
duction. The deposition of glycosaminoglycans (deposition 
volume is dependent on period of groWth) and collagen 
(deposition volume is not dependent on period of groWth) in 
the three-dimensional groWth systems are illustrated in FIG. 
1. The components have been measured by ELISA, Western 
blot analysis, immuno histochemistry and PCR. For example, 
some of the components found in TransCyteTM include col 
lagen I, III, and VII (RNA), ?bronectin, tenascin, thrombo 
spondin 2, elastin, proteoglycans, decorin, versican as Well as 
other components (data not shoWn). Activity of these compo 
nents in tissue development, healing, and normal function 
have been Well described. Additionally, Applicants describe 
certain effects of the human bioengineered matrix on cell 
function in vitro. For example, Applicants have noted that cell 
proliferation is increased by adding bioengineered matrix. To 
study its effects on cell proliferation, matrix Was physically 
removed from TransCyteTM and Dermagraft® and added in 
varying dilutions to monolayer cultures of human ?broblasts 
and keratinocytes. The results of increased cell proliferation 
are shoWn in FIG. 2. 

Further, as detailed in section 6.3, Applicants note the 
effect of three dimensional conditioned medium on the prepa 
ration and composition of three-dimensional tissues Was 
examined by measuring the amount of collagen secreted into 
the extracellular matrix of tissues cultured in the presence of 
serum-free medium, medium or three dimensional condi 
tioned medium. The effect of three dimensional conditioned 
medium on the preparation and composition of three-dimen 
sional tissues Was examined by measuring the amount of 
collagen secreted into the extracellular matrix of tissues cul 
tured in the presence of serum-free medium, medium or three 
dimensional conditioned medium. The conditioned medium 
of the invention signi?cantly increases collagen deposition of 
tissue in vitro as shoWn in FIG. 4. As the present invention 
contains many of the regulatory proteins thought to be impor 
tant in Wound healing and Which have been shoWn to be 
depleted in in vivo models of Wound healing. Furthermore, in 
some medical conditions, such as diabetes, some of the regu 
latory proteins needed for Wound healing are in short supply. 
For example, it has been found in a mouse model of non 
insulin-dependent diabetes (e.g., the db/ db mouse) that secre 
tion of VEGF and PDGF and expression of the PDGF recep 
tor are all depressed in Wounds compared to the levels in 
Wounds of normal mice. 

Also, the conditioned media provided by the present inven 
tion is also useful in the treatment of other types of tissue 
damage, e. g., traumatic or congenital, Wherein the repair and/ 
or regeneration of tissue defects or damage is desired since 
many of these groWth factors are found in Applicants’ condi 
tioned cell media, including, for example, ?broblast groWth 
factors (FGFs), platelet derived groWth factors (PDGFs), epi 
dermal groWth factors (EGF s), bone morpho genetic proteins 
(BMPs) and transforming groWth factors (TGFs); as Well as 
those Which modulate vasculariZation, such as vascular 
endothelial groWth factor (V EGF), keratinocyte groWth fac 
tor (KGF), and basic FGF; angiogenesis factors, and antian 
giogenesis factors. Stress proteins, such as GR 78 and MSP90 
induce groWth factors such as TGF-[3. TGF-[3, including TGF 
[3-1, TGF [3-2, TGF [3-3, TGF [3-4 and TGF [3-5, regulate 
groWth and differentiation and accelerate Wound healing 
(Noda et al. 1989, Endocrin. 124: 2991-2995; Goey et al. 
1989, .1. Immunol. 143: 877-880, Mutoe et al. 1987, Science 


















